We studied the distribution of the predatory phytoseiid mite, Neoseiulus longispinosus (Evans), in Thailand. The predator was distributed over the entire areas of the country throughout the year. It was found on 33 plant species ranging from perennial plants such as fruit trees to annual crops such as vegetables and ornamentals. N. longispinosus was abundant on plants infested with spider mites producing heavy webbing on the lower surface of leaves.
INTRODUCTION
Among many phytoseiid mites known from Thailand, Neoseiulus longispinosus (Evans) is one of the most abundant species. It is commonly found to be associated with various phytophagous mites on habitat plants. In Thailand this species was first recorded by Charanasri et al. (1977) and Ehara and Bhandhufalck (1977) , under the name Amblyseius longispinosus. N. longispinosus has been reported as being a promising predatory mite for biological control of spider mites on strawberry Waite, 1988) and bamboo (Zhang et al., 1999) . Evans (1952) first described A. longispinosus (Evans) from Indonesia, and since then this predator has been found in subtropical and tropical areas . Because females of this species closely resemble those of A. (N.) womersleyi, there has been confusion between N. longispinosus and A. (N.) womersleyi. Schicha (1975) redescribed A. longispinosus from Australia and separated A. womersleyi (Schicha) from A. longispinosus based on the different length of the dorsal seta S5 (=L8): A. womersleyi has approximately twice longer S5 than A. longispinosus. In addition, the distance between two ventrianal pores is about twice longer in A. womersleyi than in A. longispinisus, and furthermore these two species have a different shape of ventrianal shield and size of dorsal and ventral shields (Schicha, 1975) . Later, Ehara et al. (1994) distinguished the two species, and referred "A. longispinosus" formerly called in Japan to A. womersleyi. Moreover, Ehara (2002a Ehara ( , 2002b reported A. (N.) longispinosus from Malaysia and Sumatra. Ho et al. (1995) studied the comparative biology and geographical distribution of these two species and the reproductive compatibility between them by cross-breeding experiments. They confirmed that they were distinct species. Furthermore, Yeh et al. (2000) studied the genetic diversity of A. longispinosus and A. womersleyi using RAPD analysis and indicated clearly that there was a great genetic divergence between them. Thus, the recently recorded geographic distribution of N. longispinosus may differ from that reported previously and we need more precise information. Ho et al. (1995) reported that N. longispinosus is distributed in Taiwan (mainly in the South), Philippines, Indonesia, India, Australia and New Zealand. Ehara (2002a Ehara ( , 2002b reported a wider distribution of this species; namely, it is also known from China, Thailand, Malaysia, Pakistan, Papua New Guinea and Hawaii.
In this study, we elucidated the geographic distribution of N. longispinosus in Thailand, together with its habitat plants and phytophagous mites associated with the predator, and evaluated the possibility of using this predator as a biological control agent of mite pests in Thailand.
MATERIALS AND METHODS
N. longispinosus has been collected from various plants in Thailand since 1974 Thailand since until 2003 at irregular intervals. The surveys were concentrated to the plants on which severe mite feeding or at least a symptom of mite injury was recognized. Parts of plants where there were some mites were cut off and put into paper bags which were then put in plastic bags. All samples were brought back to nearby Agricultural Research Stations in a portable cooler. Phytoseiids found on plants were individually placed on slide glasses and mounted in Hoyer's media as soon as possible. Specimens that could not be mounted immediately were removed from the habitat plants with a fine brush and preserved in 70% ethyl alcohol in vials and they were mounted later in the laboratory at the Research Station in Bangkok. All specimens were identified under a microscope. Habitat plants where N. longispinosus was found were recorded. Moreover, phytophagous mites that seemed to be associated with the predator on the habitat plants were also noted.
Although the surveys were not conducted in all 76 provinces of Thailand, they included all of the five main parts of this country. Because we did not reveal exactly whether mite species collected would be the prey of N. longispinosus, we thus reported all phytophagous mites found on the habitat plants and the intensity of their damage on the plants.
RESULTS AND DISCUSSION
Habitat plants Table 1 lists the habitat plants where N. longispinosus was collected in Thailand together with other mite species, possibly the prey of the predator. N. longispinosus was collected on 33 plant species ranging from perennial plants such as fruit trees to annual field crops such as vegetables and ornamentals. Not only were the predators found on small annual crops like strawberry but they were also established well on tall fruit trees like pumelo. We found this predatory mite on pumelo and tangerine at higher frequencies than on any other plants. N. longispinosus were collected at 35 collection surveys on pumelo. This frequent observation seems to result from the fact that there were many pest mites (probably the prey of the predator) on pumelo leaves at the censuses. In dry areas, the most common pest mite found on pumelo and tangerine was Eutetranychus africanus (Tucker), but in humid areas Eotetranychus cendanai Rimando, Phyllocoptruta oleivora (Ashmead) and Polyphagotrasonemus latus (Banks) were abundant ). Among them, E. cendanai is known to be the most favorite prey of N. longispinosus Thongtab et al., 2001 ). However, the potential of N. longispinosus for suppressing populations of these mite pests on pumelo has not yet been investigated.
We could collect N. longispinosus only twice on durian in Chanthaburi. Although N. longispinosus showed a good efficiency in suppressing populations of E. africanus in laboratory experiments, augmentative releases of N. longispinosus to control E. africanus in the durian orchard severely infested with E. africanus has not been successful . This is probably because E. africanus feeds mostly on the upper surface of the leaves and does not produce a heavy web. This may hinder the establishment of the predator. Similar observations were made on mango and grape where Oligonychus mangiferus (Rahman and Sapra) occurred on the upper surface of the leaves.
We often found N. longispinosus on plants infested with spider mites that inhabit and feed on the lower surface of the leaves and produce heavy webbing, such as T. kanzawai Kishida on cotton and rose, T. macfarlanei Baker and Pritchard on okra and yard long bean, Aponychus corpuzae Rimando on bamboo and T. urticae Koch on strawberry and rose. Zhang et al. (2000) reported the behavior of N. longispinosus females feeding on Schizotetranychus nanjigensis Ma and Yuan that was found more on the leaves with webnests than those without webnests and the predators were often observed searching under dense webbing. They also responded to stimuli associated with webbing, mite feeding damage and other residues in the webnests. Furthermore, N. longispinosus was plentifully found on the lower leaves of annual plants, such as strawberry that was infested by T. urticae in Chiang Mai .
Of field crops, cotton, mungbean and mulberry are the favorite habitats of N. longispinosus. We frequently found N. longispinosus associated with T. kanzawai, T. truncatus Ehara and Eotetranychus thailandicus Ehara and Wongsiri feeding on the lower surface of their leaves.
Among 9 species of vegetables and herbs, N. longispinosus were frequently found on okra and yard long bean infested with T. macfarlanei. It is interesting that we found N. longispinosus on chili, which has not been recorded to be infested with spider mites. The only mite pest recorded on chili in Thailand is the broad mite, Polyphagotarsonemus latus (family Tarsonemidae). However, N. longispinosus reared on the broad mite in the laboratory had a high mortality and females could not lay any eggs (Surayothi and Siri, 2003) .
From flowers and ornamental plants, we often found N. longispinosus on rose and ornamental bamboo. Rose was usually infested with T. urticae in northern Thailand, while in other areas T. kanzawai was the major pest (Charansri et al., 2001) . N. longispinosus was collected in colonies of the 2 spider mite species in 12 provinces of the country. N. longispinosus was also collected frequently from bamboo, which was commonly infested with A. corpuzae and T. bambusae Wang and Ma. This predator has been reported to be a promising biological agent for controlling these mite species on bamboo (Zhang et al., 1998) . The results of the present study suggest the possibility for effective utilization of N. longispinosus as a biological control agent for controlling mite pests on a variety of the host plants in Thailand listed above. Geographic distribution Thailand is located in the tropical area between latitudes 5°37'N and 20°27'N and between longitudes 97°22'E and 105°37'E. According to the climate pattern and meteorological conditions, this country is divided into 5 parts: Northern, Northeastern, Central, Eastern and Southern areas. The climate of Thailand is under the influence of monsoon wind and may be divided into three seasons; rainy or southwest monsoon season (mid-May to mid-October), winter or northern monsoon season (mid-October to mid-May) and Tetranychus macfarlanei* (Argyreia nervosa) * Important only locally ** Less widespread species but causing serious damage *** Widespread pest species causing serious damage every year summer or pre-monsoon season (mid-February to mid-May). The data on the seasonal temperature, humidity and rainfall in each area for the 1971-2000 period are attached (see Appendix).
The present study revealed that N. longispinosus is distributed over entire Thailand (Fig.  1) . It has been recorded from Chiang Rai in the North to Songkhla in the South but it is most abundant in the central part. The average temperature, humidity and rainfall in Thailand were 23-29°C, 64-82% RH and 71-1300 mm, respectively (see Appendix). The temperature does not differ so greatly among areas and seasons, whereas the rainfall differs greatly between winter and rainy seasons. Nevertheless, N. longispinosus is widely distributed throughout the year. This result shows a high potential of N. longispinosus to survive well under various climatic conditions in Thailand.
According to Ho (1995) and Ehara (2002b) , the current world distribution of N. longispinosus seems to be limited to the tropical and subtropical areas between 30°N and 30°S, except for New Zealand (Fig. 2) . However, the record of N. longispinosus in New Zealand (Collyer, 1982) may be confusing because A. womersleyi was described as a synonym of A. longipinosus. From the information of habitat plants and geographic distribution of N. longispinosus in this study, we conclude that N. longispinosus has a high potential to survive at various areas and on a wide variety of habitat plants and this predator will play an important role in suppressing populations of spider mites in Thailand. 
